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This  report  presents  the  results  of  alrblast  measurements 
made  on  charges  fired  in  « study  of  the  base  surge  under 
Task  NOL-152.  Because  this  program  was  not  set  up  primarily 
as  an  airblast  study,  the  range  of  conditions  is  not  so 
great  as  might  be  desired  for  some  purposes.  However,  it 
is  believed  tnat  the  data  given  here  will  be  useful  in 
certain  weapon  evaluation  studies . The  report  is  intended 
for  information  only.  Any  opinions  expressed  herein  are 
those  of  the  author. 
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by  J.  P.  Slifko,  R,  S,  Price,  B.  W.  Scott  and  J.  B.  Dempsey. 
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INTRODUCTION 


There  is  very  little  Information  available  on  the 
airblsst  fro®  underwater  explosions.  In  order  to  predict 
the  effects  of  large  underwater  explosions  on  moored  ships, 
harbor  facilities,  airplanes  and  other  structures,  data  on 
aj.rbla3i  effects  under  Various  conditions  are  necessary. 
Although  the  results  reported  here  cover  only  a very  limited, 
range  of  conditions,  it  is  believed  that  the  data  will 
provide  a sound  basis  ror  extrapolations.  Only  peak  pressures 
were  measured;  it  was  not  possible  to  record  a conmle te 
pressure-tlae  history  of  the  blast  wave. 

The  shock  velocity  method  [a]#  of  determining  air  blast 
peak  pressures  was  used.  The  velocity  of  sound  in  air  and 
the  component  of  wind  velocity  along  the  gauge  line  were 
obtained  for  each  shot  by  firing  two  detonators  Just  prior 
to  the  main  charge.  Measurements  were  made  on  the  equivalents 
of  20,  101,  600  and  4200-lb  TNT  charges . 


EXPERIMENTAL  ARRANGEMENTS 


Instrumentation  and  Rig.  Nine  tourmaline  piezoelectric  gauges, 
ranging  from  3/4  in , to  2 in.  diameter,  were  used  as  pickups 
for  the  airblast  shockwaves.  The  gauges  were  mounted  in  one 

1 1 T1 A wf  fh  uawa  sn  4 a »•* +>  a *4  ««  ^ w A.  au  « — x. i 

for  fast  response.  Figure  1 is  a sketch  of  the  experimental 
arrangement.  The  distance-  between  gauges  shown  are  nominal; 
exact  distances  between  the  gauges  were  measured  before  each 
shot . Distances  between  gauges  were  accurate  to  within 
1/16  in.  The  gauges  were  mounted  4 in.  above  the  waiei"  rface 
except  on  about  half  of  the  600  and  4200-lb  tests  on  wh  ,c.i 
gauge  positions  2,  4 . ' 
water  surface. 


6 and  8 wcrs  souuteJ  15  in.  above  the 


Thfi  floating  j^i^z  (Figure*  ^ a ^ \ uqah  f a 
gauge  a consi*>t3d  of  two  telephone  poles  40  ft  long,  with 
additional  buoyancy  supplied  by  six  oil  drums . This  was 
securely  anchored  in  the  desired  position  for  each  shot, 
distance  from  the  charge  to  the  rig  was  varied  from  shot 
shot  to  obtain  a larger  pressure  range. 


The 


T Such  letters  refer  to  the  list  of  references  at  the  end  of 
this  report. 
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Tne  signals  were  iea  tnrougn  6u  to  iuu-x  t .lengtnc  oi 
SI  nip  lex  11  signal  = freeM  cable  to  a junction  box  (Figures  20  ,D) 
where  the  nine  cables  were  connected,  in  parallel  to  one 
600-ft  length  of  Rd4iU  cable.  This t In  turn,  waB  connected 
to  a field  preamplifier  (Figure  jA)  and  then  thru  an 

auuxtiormi  OGO-ft,  length  Of  KuniU  cauls,  to  a 

f t?  4 f-m  % % %«t « } ! f * i ft  ^ *—  * 4*  ^ TYt  * w ftn  ^ O A O 4.  T 1 -,»»  r ^ m 

J.5U1  & ~ro  j utiv.  u iu*/uj.x  xs  iumwai  w uv/w  w«wt±iuuitujjw  ^ u p s#  j • 

The  oscilloscope  trace,  along  with  simultaneous  timing  marks, 
was  recorded  on  a 3-ft  strip  of  film  on  a rotating  drum 
camera.  The  tlraing  source  consisted  of  the  signal  froa,  a 
t-5l  contrnilad  mu'L  tlvl.hratoi*  [b]  Which  was  into  * 

second  oscilloscope. 

Beam  brightening,  bc=.s  displacement,  and  the  firing  of 
the  two  detonators  and  the  main  charge  were  synchronized  by 
contacts  on  th'i  shaft  of  the  rotating  drum  camera  which 
actuated  the  relay  machine  and  beam  brightentr  circuit 
(Figures  4A,B  and  5).  The  contacts  were  offset  so  the 
succeeding  stages  of  the  relay  machine  were  actuated 
approximately  one  revolution  apart.  The  camera  speed  was 
varied  from  approximately  600  rpm  to  200  rpa,  depending 
upon  the  expected  times  of  arrival  of  the  shockwaves  at 
the  rig . Thus , the  time  intervals  between  the  firing  of 
the  two  detonators  and  between  the  second  detonator  and 
the  charge  ranged  from  approximately  100  to  300  milliseconds. 

The  firing  circuit  (Figure  33)  was  isolated  from  ground 
at  the  Instrument  end  to  eliminate,  as  nearly  as  p sslble, 
groundloops  between  the  gauge  cable  and  the  firing  lines . 

Charges . Seven  demolition  blocks  of  cast  tetrytol  plus 
half  a block  of  Composition  C-3  were  considered  to  be 
ecjuivalent  to  twenty  pounds  of  TNT.  The  blocks  were  stacked 
in  two  layers,  with  these  dimensions:  4 in.  high,  8 in.  wide 

and  11  in.  long.  Each  charge  was  oriented  with  the  8 x 11  in 
surfaces  horizontal  and  the  4 x 11  in.  surfaces  perpendicular 
to  the  gauge  line. 

Two  50-Ib  cast  TNT  Mk  14  demolition  blocks  and  half 
a block  of  Composition  C-3  were  used  for  the  101-lb  charges. 
These  charges  were  cubes.,  each  side  being  about  13  in.  long,, 
with  the  Composition  c-3  placed  on  top.  Tnsy  were  oriented 
with  a face  perpendicular  to  the  gauge  line. 

For  the  larger  weights,  Mk  7 TNT-lo&ded  depth  charges 
were  used,  singly  for  the  600-lb  and  in  groups  of  seven  for 
the  4200-lb  charges;  all  charges  were  placed  upright.  In 
the  4200-lb  charge,  six  of  the  cylindrical  Mk  7 depth  charges 
were  symmetrically  spaced  around  the  seventh,  at  which 
detonation  was  initiated.  Approximately  4 lbs  of  Composition 
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C-4  wan  used  to  boostei5  tie  600  and  4203-lb  charges. 

.•'hsT'trfs  riprvhh  . A was  varied  f?*nm  O to 

w '•  Vy  ’ * 

short  • , R ; 


UTV,ar:a  P rM  a t"G-rw”>*a  P r».~  ->tw  flio  wo  few  «-  n P ->  nr- 

to  the  center-  of  the  charge  in  ft 
w « charge  weight  in  lbs . 

The  experiments  were  performed  m shallow  water,  with 
the  charge  set  at  the  desired  depth.  The  20  and  101 -lb 
charges  were  tied  to  stakes;  the  600  and  4200-lb  charges 
were  placed  on  wood  platforms  at  the  proper  depth.  In  some 
cases  the  charges  rested  on  the  river  bottom.  On  some  shot 
the  bottom  of  the  charge  was  level  with  the  water  surface 
(“surface  level"  shots)  . 

The  charge  depth,  water-  depth  and  X c are  listed  in 
Tables  I through  IV  along  with  the  peak  pressures  obtained 
for  each  shot. 


RESULTS 

Peak  pressures  were  obtained  from  the  shock  front 
velocity  measurements  using  the  Rankine-Hugoniot  equation 
relating  peak  pressure  to  shockwave  velocity: 


'*Y 

y t ± 


i3 


where  P is  the  peak  pressure  in  excess  of 
atmospheric  pressure 

PQ  is  the  atmospheric  pressure  ahead  of 
the  shock 


u is  the  velocity  of  the  shock  front  in 
still  air 

C is  ths  velocity  of  sound  in  still  air 
7 is  1.4o  (ratio  of  specific  neats  for  air). 
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■j  no  etc  iront  vei^cl  tv  emu  tJu^uO  velouit-.y  wei' «? 
fr*om  measurement?  made  directly  on  the  film  record  with  a 
ml  oro  compar-a  tor , 


: ± 


*ur 


Figures  b through  j t>  give  peak  pressure  as  a function 
educed  distance,  X ~ for  various  charge  >u>si frlons  for 

^ U3  1 A1  . 

ct:  v anu  l “ J u L im  t 5^r»  ? 


A - r/wV3 


vi uere  n 

w 


horizontal  distance  to  the  center  of  the 

charge  in  ft 

charge  weight  in  1L3 . 


m * a «* 


±»  each  i ^ o jn:uGi,  i oprc^cn  vw  v*i“ 

point  is  a single  observation „ A smooth  curve  was  drawn 
by  eye  for  each  charge  depth.  As  a standard  for  comparison, 
the  pressure-A  line  obtained  from  the  surface  level  shots 
for  the  same  chaise  weight  is  given  Gn  each  figure. 


The  slopes  of  the  pressure*- A curves  from  the  under- 
water shots  are  significantly  different  from  those  of  the 
surface  level  shots  at  the  depths  measured* , The  crossover 
observed  for  some  of  the  shallow  shots  is  believed  to  be 
real.  For  the  range  of  water  depths  covered,  there  is  no 
indication  that  the  proximity  of  the  river  bottom  affected 
the  magnitude  of  the  peak  pressure  along  the  water  surface. 


The  results  from  the  600  and  4200-Ib  charges  are  shown 
in  Figures  16  through  19.  There  was  no  significant  airrerence 
in  peak  pressure  between  the  gauges  at  4 in,  and  Ip  in,  above 
the  water  surface  at  the  distances  measured. 


For  scaling  purposes,  curves  for  peak  pressure  as  a 
function  of  reduced  charge  depth.  Xc,  are  plotted  in  Figure 
20  for  reduced  distances,  A , of  10  and  20.  The  points  shown 
were  taken  from  the  lines  drawn  through  the  data  on  the 
pressure- a plots.  It  is  seen  that  air  blast  peak  pressures 
along  the  water  surface  scale  simply  with  the  cube  root  of 
the  charge  weight. 


Were 


- w *i 

CUi 


-s  — — . i.1 

wlio  f 


...  .. , ■»  J 

WUUiU 


tne  siopea  nearj/y  cuiis  wan  i,  j,  or 
be  possible  to  obtain  a reasonable  average  value  of  "equivalent 
weight  ratio"  Tdl  for  the  underwater  shots  relative  to  the 
surface  level  shots.  However,  it  Is  clear  from  Figs,  6-19 
that  such  a weight  ratio  would  refer  to  only  one  pressure.  As 
an  example,  from  Figure  8 the  equivalent  weight  ratio  would 
vary  from  about  0.3  at  14  psi  to  about  2,1  at  2 psi.  Thus, 
equivalent  charge  weights  appear  to  be  meaningless  in  the 
region  studied, 

4 
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there  result □ . The  slope  of  the  pressure- A curve  for  the 
^0  and  101-11.  surface  "level  charges  is  id  fair  agreement 
rfith  that  obtained  from  50- J .r  bieal  charges  fired  above 

the  ground  [e].  However-  i.~lh  spherical  pentclite  charges 
[f]  fired  above  and  just  in  water  give  quite  different 
pressure- curves  from  those  reported  here. 

It  is  interesting  to  note  that  peak  pressures  from  some 
underground  explosions  [g]  at  "X  «*  1C  decreased  with  increased 
charge  depth  at  about  the  same  rate  as  the  data  reported 

h 4 — . 

UC4  O J* 1 A t 


n 

CONFIDENTIAL 
SECURITY  INFORMATION 


t#  dOlVMOisL: 


2#  HOLTHOXaa 


sosvib  — 


uOsri:^"  IaL 
SAVOftP  RZPOKT  j?571 


SECURITY 

t * vcv\Dwr  4 T^r  ah 
ini'  UltfVA  i 4.  wrr 


FLOATING  RIG  AND  JUNCTION  BOX 


*a  » ««—  i B-*r  I r « 

wnir  » r~. •_ 


;4AV0Rt>  REPORT  2571 


§- 


FIG.4A  POWER  SUPPLY  FOR  RELAY  MACHINE  AND  BEAM  BftiGMTENER 


FIG.  48  RELAY  MACHINE  AND  SEAM  BRIGHTENER  (RELAY  CIRCUIT) 
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F1G.  5 RELAY  MACHINE  AND  BEAM  BRIGHTENER 
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FIG.  7 IRAK  PHESSUkF.  va  RETXJCED  Cl  STANCE  FOR  20-LB  CHARGES 


^n&rriju 

MAVCHH  RSTOKT  "S'.'l 


• 4 KC  ►* 


* X ««  ► 


a:  curare 

IKFOhjLATiC" 


13 

CORFDQiTIAL 


DU.  8 FiAK  PHKSSTTIK  ra  RJTAFCKT5  DISTANCE  FOR  i?0-LB  CHAME: 


S£CVRTTT 

INFORMATION 


ODHrrCTTIAJ. 


PTQ.  ? PEAK  PRESSURE  »•  KETWCSD  DISTANCE  TOP  20 -LB  CHARGES 


FT  Cl.  10  PEAK  PRESSURE  ra  REDUCED  DISTANCE  TOR  20-U\  JHAHOE 


CONFIDENTIAL 
NA70RD  REPORT  2571 


FIO.  11  PEAK  PRESSURE  vs  REDUCED  DISTANCE  FDR  lOl-lX  CHARGES 
Bottca  of  Charge  at  Surface  (Surface  Level) 
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TABLE  I 

Peak  PnM«ur*a  fro«  20 -Pound  charge* 


C haxgo-** 
Depth 
(irj 

\ e 

(ft/lba1/3) 

Water 
T>»pth 
( Lru) 

Parameter 

Oaug*a 

at  1*  Inches 

Height 

Surface* 

Irvei 

60.  0 

R(ft) 

r.  t _ _ i \ 

* \y*~  j 

^ -S  S' 

iy.  ? 

f 

fcl.  1 

23.0 

1 ■>  1 
..... 

27.0 

O AuH 
✓ • •• 

31. 5 

36.5 

u.  32 

U2.  5 
3.  26 

U9.5 
2.  3? 

Surface* 

Laval 

UC.O 

R (ft) 

P(peL) 

19.5 
21*.  3 

23.0 

1U.6 

27.0 

9.U3 

31.5 
5 >7 

36.5 
U.  51 

— 

U9.5 

2.23 

Surface# 

Level 

36.0 

R(ftJ 

P(p*i) 

21.5 

16.1 

21*.  5 
12.  C 

3C.Q 
7-  06 

36.5 

In  11* 

ia.  5 
3 67 

1*7.5 

2.52 

5U.5 

2.2} 

Surface* 

Level 

5.0 

R(ft) 
P(P*i  ) 

1*1.5 
in  07 

Un5 

3.30 

1*3. 0 
2.82 

52.0 

2.91 

56.5 
2.  20 

61.5 

2.06 

67.5 
i.  91* 

7ln  5 
1.  UU 

Surface* 

Level 

U.  0 

R(ft) 

P'pei) 

51.5 

2.52 

5U=  5 
2.13 

58.0 

1.72 

62.0 

1.85 

66.5 

1.06 

71.5 

1.01 

77.5 

1.01 

eu.5 
0. 76 

0.0 

0.0 

18.  0 

R(ft) 

P(p*i) 

1*1.  5 
3.22 

ul*.  5 
3.63 

1*8.0 

2.1*5 

52.0 

2.36 

56.5 

1.61 

61.5 

2.00 

67.5 

2.01* 

Tin  5 
1.U7 

0.0 

0.0 

18.  0 

R(ft) 

P(p«i) 

17.0 
21*.  5 

20.  0 

15.9 

23.5 

9.39 

27.5 

9.U2 

32.  c 
U.82 

37.0 
1*.  59 

U3.0 

3.07 

50.0 

2.59 

2.0 

0.  061 

39.0 

R(ft) 

P(p*i) 

26.2 

£.35 

29.  2 
8.  30 

32.7 

6.39 

36.7 

5.29 

1*1.  2 
3.83 

U6.2 
U.  37 

52.2 

3.09 

59.2 

2.56 

2.0 

0 06l 

k.Q 

R(ft) 
P(pai  ) 

16.5 

13,0 

195 
12.  1 

23.0 

8.1*5 

27.0 

e.79 

31.5 

U.51 

36.5 

5. 57 

1*2.5 
5 09 

U9.5 

U.  32 

2.  0 

0.  061 

U.O 

R(ft) 

P(pai) 

1*6.5 
1*.  19 

U9. 5 
3.93 

53.0 

3.1U 

57.0 
3.  lit 

61.5 

2.28 

66.5 

2.31 

72.5 

2.05 

79.5 

1.72 

2.0 

0.  06l 

U.  o 

H(ft) 

F(psi) 

Ul.5 

U.07 

UU,  5 
U.  n 

Ufl.o 

3.1*5 

52.0 

3.35 

56.5 

2.56 

61.5 

2.56 

67.5 

2.27 

7U.5 

1.91 

5.5 

0. 166 

13.  0 

R(ft) 

P(pai) 

20.  0 
6.  02 

23.0 

5-5? 

26.5 

U.U9 

30.5 
U.  37 

35.0 

3.23 

UO.  0 
3,13 

U6.0 

2.63 

53.0 
?.  30 

5.5 

0.  166 

25.0 

RUt) 
P{p*i  ) 

Ul.5 

2.83 

UU.  5 
2.5U 

1*8.  0 
1.91 

52.0 

1.88 

56.5 

1.55 

61.5 

1.52 

67.5 

1.33 

7U.5 

0.98 

5.5 

0.  166 

2 3.5 

R(ft) 
P(rsi ) 

26.3 
in  55 

29.5 

3.97 

33.0 

3.36 

37.0 

3.U0 

a. 5 

2.6U 

1*6.5 

2.6U 

1 

52.5 

2.21 

59.5 

1.66 

5.  5 

0 169 



20.  p 

h(  ft ) 
P(pci  ) 

165 

7.21 

19.5 
0.  36 

23.  0 
5.09' 

27.0 

5.09 

31.5 

3.73 

36.5 

3.65 

1*2.5 

2.66 

U9.5 

2.3U 

* L'otvop  of  charge  lerel  with  water  surface. 
ms  Charge  Dr-ptii  - freo  center  of  charge  to  ii>r  surface. 
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TABLE  I (Cor.'  t,  ) 

Pea*  pressures  fro*  20-Pound  Charges 


Charge** 

Depth 

(inj 

X c 

(ft/lb81/3) 

Water 

Depth 

(inj 

Paraaeter 

Gauges 

at  1*  Inches 

Height 

7.0 

0.211* 

30.0 

R(ft) 
p(nai  ) 

1*1.5 
2.  7 £ 

Ux.5 
2.  30 

1*8,  o 
i.8o 

52.0 

1.77 

56.5 

1.1*1 

1 

61.5  ! 67.5 
1.371  1.12 

71*. 5 
0.91 

7.0 

0.21k 

18.0 

R(ft) 
P(psi ) 

16.5 

L83 

19.5 
i*.  32 

23.0 

3.57 

27.0 

3.23 

31.5 

2.1*7 

36.5  1 1*2.5 
2.  21*  | 1.92 

1*9.  5 
1.53 

7.0 

0.211* 

15.0 

R(ft) 

P<P«i) 

1*6.5 

1.93 

1*9.5 

1.96 

53.0 

1.76 

57.0 

1.1*3 

61.5 

1.28 

66.5  172.5 
1.  31 1 1.11* 

79.5 

1.01 

7.0 

0.  via 

15.0 

R(ft) 
P(pai ) 

Ul.5 

2.66 

1*1*.  5 

2. 6l 

1*8.0 

2.03 

52.  o 
1.09 

56.5 

1-  51* 

61.5  67.5 

1.U0  1.1*7 
1 

71*.  5 
1 11* 

7.0 

c.  nil 

16.5 

E(ft) 

?{p»i) 

16.5 
1*.  99 

19,5 

395 

?3. 0 
3. 83 

27.  0 
3.27 

31.5 

2.1*7 

36.5  : 1*2.  5 
2.11*|  2.06 

1*9.5 

1.50 

7.0 

0.211* 

18.0 

R(ft) 

P(P*i) 

16,5 

5.11 

15.5 
5.  31 

23.0 
1*.  59 

27.0 

3.1*2 

31.5 

2.1*6 

36.5  '1*2.5 
2.23;  2.05 

1*9.5 

1.58 

7.0 

0.211* 

9.0 

R(ft) 

F(pai) 

17.5 

5.20 

20.5 

3.26 

21*.  0 
l*.  32 

28.0 

3:26 

32.5 

2.50 

39.5  1*3.5 
2.  28 1 1.92 

50.5 

1.63 

7.0 

0.211* 

9.0 

R(ft) 

P(psi ) 

1*1*.  5 
1.00 

1*7.5 
?.  12 

51.0 

1.76 

55.0 

1.60 

59.5 
1,  26 

65.5  70, 5 
1. 20  1.20 

| 

77.5 

1.08 

9.0 

0.  275 

IS.  0 

R(ft) 
F(P«A ) 

22.8 

li.Of 

25.8 

3.51* 

29.3 
2.  oG 

33.3 
2.  70 

37.6 
2.  33 

12.0  1 1*8.  8 
1.59 [ 1.62 

55,8 

1.1*8 

9.0 

0.  275 

lQ.o 

H(ft) 

P(p»i) 

25.5 

2.72 

23.5 

2.60 

31*. 0 
1.79 

1*0.5 

1.1*6 

1*5.5 

1.28 

51.5  j 58.  5 
1.1*3  1.01* 

9.0 

0.275 

10.0 

R(ft) 
P(psl  ) 

1*1.5 

1.90 

1*1*. 5 
1.51 

1*8.0 

1.29 

52.0 
1. 18 

56,5 

0.90 

61.5  i 67 , 5 
0.07  0.81* 

71*. 5 
0.58 

9.0 

0.  275 

10.0 

R(ft) 

p(pai  ) 

17.5 
1*.  ?1 

20.5 

3.76 

21*.  0 
2.85 

28.0 

2.97 

32.5 

1.97 

39.5  .1*3.5 
1.91!  1*55 

| 

50.5 

1.15 

U.5 

0.  353 

13.5 

R(ft) 

P(psi) 

16.5 

3.00 

19.5 

2.37 

23.0 

1,87 

27.0 

1.75 

M.5 
1.  32 

36.5  1*2.5 

o,8i*:  0.98 

1*9.5 

0.62 

16  0 

0.1*90 

18.0 

R(ft) 

1 \ Y~~  / 

16.5 

1. 6i 

19.5 

* lift 

23.0 
1.  i? 

77.  0 
1.  2? 

31.5 
0,  75 

j 

36.5  j I*^ , h 
0.52  0, 3o 

1*9. 5 

r»  -.a 

'J. 

16,  0 

0 1*90 

13.  0 

R(ft) 
P(psi  ) 

27  . 3 1 30.8 
l.J3j  0,03 

31*.  0 
0.  71 



39.  3 
0,  61* 

Lil*.  3 
0,  1*7 

50.3  57.3 
0.  37 ; 0.30 

*#  Charge  Depth  - fro*  center  of  charge  to  water  surface. 
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?*BU  II 

Pea*  Preaeur.*  • :*roe ■ 101- Pound  Chargee 


Charge** 

Depth 

/j  _ \ 

\ xiW 

kc 

/ #*  A W ^ \ 

\ A y/  XVB  ) 

Water 

Depth 

1 / t - \ 

\ 

' Parmter 

0«\4ee  at  it  Inch**  Height 

Surface* 

Lerel 

13.0 

, R(^t) 

; P(p«i) 

k.=  5 i*9.5 
• Si)  10.  h 

53.0 

7.26 

57.0 

6.01* 

6,5  1 
**-59 

66.5 

L2B 

72.5 

3.23 

79.5 

2.51* 

Scrfeee* 

Lerei 

1*7.0 

a(ft) 

p(p«t) 

L.2  5 i*i*.5 

Lvo  0 13.7 

1*8.0 

9.1i* 

52.0 

7.72 

56.5  i 
6.72 

61.5 

5.06 

67.5 
i 3.98 

71a  5 
3.33 

o.5 

0.009  i 

i 

?.  0 

H(ft) 

P(p*i) 

U!5  Ut.5 
i;.*  6 ii.9 

1*8.0 

7.32 

52.0 

6.26 

56.5 

5.19 

61.5 

5.01* 

67.5 

3.92 

71*.  5 
3.76 

0.5 

i 

0.009 

7.0 

R(ft) 

P(p3i) 

6 ,?  5 66.5 
• 0 CS  U.7S 

70.0 

U.17 

71*.  0 
3.91 

78.5 
I 3.60 

83.5 

3.32 

89.5 

2.67 

, 96.5 
2.72 

3.5 

0.  063 

10.0 

a(rt; 

P(F*i) 

S'. ! 5 5L  5 
:5  5!  6,50 

58.0 

5.09 

62.0 

5.28 

i 66.5 
U.09 

71.5 
! l*.  21* 

'7.5 

3.38 

81*.  5 
3.1*1 

6.5 

0. 116 

i 

31.0 

R(ft) 

?(pal) 

11!  2 5 115.5 
s*  1.90 

119.0 

1.68 

123.0 

1.65 

127.5 
| 1.22 

i 

6.5 

0. 116 

1 

13.0 

R(ft) 

P(pal) 

ifi.Z  5 1*?5 
6>  6.37 

53.0 

5.21 

57.  C 

5.09 

j 61.5 

i 1*-  38 

; 66.5 

L12 

72.5 

3.55 

j 79.5 
! 3.17 

| 

8.5 

0.152 

15.0 

E(ft) 

P(p«l ) 

L°  5 laU. 5 

; U 5=  6.0? 

1*8.0 

5=06 

52.0 
k.  9? 

i 56.5 
! 3.99 

61.5 

L.a? 

67.5 

! 3.1*9 

i 71*.  5 
3.13 

3.5 

0.152 

15.0 

R(ft) 

P(p«5) 

7;.0  C 77.0 
• I lc  3.26 

31.5 

2.56 

66.5 

2.75 

92.5 

2.1*2 

99.5 

2,20 

I 

5.5 

0.152 

15.0 

«(ft) 

Pv  ) : 

L?  5 ■ U.5 
;.S  2:.  lj.74* 

1*8.0 
tu  31 

52.0 
3. 97 

56.5 

3.1*7 

61.5 

3.09 

67.5 

2.83 

I 

71*.  5 
2.51* 

8:5 

0, 152 

15.0 

a(ft) 

P(pe’  ) 

Ll.2  5 iai*.  S 

•8  St  5.36 

1*8.0 
: U.50 

52.0 
1*.  31 

56.5 
j 3.28 

6i,5 

3.36 

67.5 

2.69 

| 71*.  5 
2.50 

9.0 

0. 160 

30.  0 

1 

R(ft) 

P(p«i) 

« 2 5 71.  u 

;x  12  3.07 

1 71*. 3 
: 2,30 

78,8 

3.19 

33.3 

2,11 

i 88.2 

; 2.59 

91*.  2 
2.23 

! 101, 3 
1 2.07 

9,0 

0. 160 

31.0 

R(ft) 

P(pal) 

L ..I, 1 

10-  =5  H2.5 
:8S"  1.65 

! 116.0 
j l.Wj 

120,0 

1.  U* 

121*.  5 
1.15 

i l-*i 

h 35  5 

r~,®j 

* Bo  ft  tog  of  I*~l  with  <eft*T  s'.rfe*s£e. 

♦*  Charge  Depth  - froa  center  of  charge  v>-<  **  ter  surface. 
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r£BI*  ii  (won't.  ) 

Peak  Frsaaures  fro*  101-Pound  Charge* 


Chargee* 

Depth 

(inj 

r 

1 Ac  • 

1 - ...  1/3. 

I \.wio«  / 

Water 

Depth 

(irO 

Psrfjwter 

i 

’ ea# 

” “O  ' 

! *t  L Inch,.*  Haight 

9.0 

0. 160 

1 

30.0 

R(ft) 
P(P«1 ) 

LI.  5 
5.  7i* 

LL.5 
i 5. 3L 

l 

L8.0 

L.L9 

52.0 
L<  3« 

56.5 

3.36 

61.5 
3.  36 

67.5 

3:02 

7L.5 

2.83 

a 

0.160 

30.0 

K(ft) 

P(p*i) 

LI. 5 
M2 

LL.5 
L.  62 

L8.0 

3.68 

52.0 

3.75 

56.5 

3.09 

61.5 
: 3.  OL 

67.5 

2.65 

7L.5 
2.  2L 

12.0 

0.215 

30.0 

R(ft ) 
P(pai ) 

L6.5 

L.L3 

L9.S 

3.77 

53.0 

3.L3 

57.  o 
3.  31 

61.5 

2.38 

66.5 

2.76 

72.5 

2.3L 

79.5 

2.05 

15.0 

0.065 

1 

32.0 

i 

R(ft) 

P(p»i) 

67.5 

2.L5 

70.5 

2.10 

7L.  0 
2.  01 

78.  0 
1.91 

82.5 

1.L9 

87.5 

1.69 

93.5 

1.1*9 

100,5 

1.66 

15.0 

0.  266 

j 30.  0 

H(ft) 

P(p«i) 

66.5 

2.75 

69.5 

2.65 

73.0 

2.3L 

77.0 

2.28 

81.5 

1.75 

86.5 

2.10 

92.5 

1.67 

99.6 

1.75 

15.0 

0.268 

30.5  1 

R(ft) 

P(p«i) 

LI. 5 
3.55 

LL.5 
3. 13 

LB.  0 
2.79 

52  0 
2.83 

56.5 

2.09 

61  5 
2.05 

67.5 
2. 17 

7L.5 

1.85 

i5.o 

0 268 

31.0 

R(rt) 

P(pel) 

la. 5 

L.L6 

LL.5 
L.  27 

L3.0 

3.55 

52  0 
3.36 

56.5  j 
2-*| 

61.5 

2.80 

67.5 

2.LL 

7L.5 

2.32 

i5.o 

0.268 

30.0 

! R(ft ) 
p(p«i) 

la. 5 

4.02 

LL.5 

3.73 

LB.  0 
3.13 

52.0 

3.20 

56.5 
2,  L3 

61.5 

2.82 

: 67.5 
i 2-30 

7L.5 

2.2L 

i5,o 

0.268 

29.5 

R(ft) 
P(p«i  > 

ia.5 

L.65 

LL.5 

3.96 

LB.  0 
3.62 

52.0 

3.21 

56.5 

2.70 

61.5  1 
2.51  j 

67.5 

2.18 

7lu  5 
1.93 

23.5 

30.0 

R(ft) 

?(p*i) 

la.  5 
3.23 

LL.5 

2.97 

L8.0 

2.56 

52.0 
2.  L9 

56.5 

2.01 

61.5 

1.98 

67.5 

1.8L 

71.5 

1.65 

23.5 

0.  L20 

30.0 

R(ft) 

P(pei; 

L2.5 

2.35 

L5.5 

1.95- 

L9.0 

1.88 

53.0 
i.88  j 

57.5 

1.26 

62.5 
1.33  i 

68.5 

1.33 

75.6 

1.16 

23.5 

0.L20 

30.0 
— 1 

R(ft) 

P(pei) 

66.5 

1.12 

69. 5 j 
0.69  | 

73.0  j 
0.98  j 

77.0 

0.58 

i 

81.5 
0 69 

86.5 
0 56 

92.5 

0.65 

99.5 
0, 62 

**  Charge  Depth  - fro*  center  of  charge  to  water  surface. 


29 


SECURITY  INFORMATION 
CONFIDENTIAL 


CONFIDENTIAL 
NAVORD  REPORT  2571 


TABLE  III 

Peak  ’’resaures  from  6CO-Po«d  Charges 


Charge* 

Depth 

(tnj 

X c 

(ft/lhs1/3) 

Water 

Depth 

(l 

Parameter 

1 

Gauges  at  i*  Inches  Height  j nil** t 

1 

C 

/ 

0. 065 

22 

R(ft) 

73.0 

80.0 

89.0 

101.0 

76.5 

81*.  5 

95.0 

P<P«1) 

8.09 

6.79 

5.66 

b.92 

7.29 

6,27 

5.30 

u 

0.1i*0 

27 

R(ft) 

— 

80.0 

89.0 

101.0 

76.5 

8L.5 

95.0 

P(p«l) 

— 

5.73 

1*.97 

h.36 

6.21* 

C 

4.66 

21* 

0.237 

51 

R(ft) 

153.0 

160.0 

169.0 

181.0 

156.5 

161*.  5 

175.0 

P(p*i) 

2.  a 

” 1.69 

1.69 

1.62 

2.11* 

1.78 

1.66 

26 

0. 258 

52 

R(fi) 

76.0 

79.0 

82.5 

86.5 

P(p«l) 

3-15 

3.60 

2.81* 

3.29 

R(ft) 

91.0 

96.0 

102.0 

109.0 

P(P»1) 

2.80 

2.70 

2,51* 

2. 1*1* 

28 

0.276 

1*2 

R(ft) 

153.0 

169.0 

181.0 

156  S 

161*.  5 

175.0 

«/ t \ 

r\ym±  f 

1.71 

* 0? 
*-• 

^ 1.* 
A*  HI 

^ on 

Al 

1 A*P 

1 2$ 

29 

0.286 

51s 

R(ft) 

113.0 

120.0 

129.0 

lia.o 

116.5 

12b.  5 

135.0 

P(ps* ) 

1.91 

1.89 

1.62 

1. 32 

1.91* 

1.69 

1.51 

36 

0.356 

1*9 

R(ft) 

C 

* w 

71*.  5 

78.0 

62.0 

P(psi) 

3.  la 

3.1*3 

2.98 

2.72 

R(ft) 

86.5 

91.5 

97.5 

lot*.  5 

P(P*i ) 

2.17 

2.60 

2.  IT 

1.91 

1*5 

0. 1*1*5 

58 

R(ft) 

n.5 

7L.5 

78.0 

82.0 

P(pel) 

1. 1*7 

1.31* 

1.27 

1.61* 

R(rt) 

86.5 

91.5 

97.5 

lot*,  5 

i 

P(pai) 

1.31* 

1.13 

1.07 

1.00 





* Charge  Depth  '■  fro*  cantar  oi  charge  to  surface 
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TAB LX  IV 

Pea*  from.  UzOO-pourw*.  C***jrg*s 


Charge* 
— • 

U*) 

r 

X C 

Vi't/Alri  ; 

[water 

I ftent-rl 

1 v.r 

i i 7 . ‘ 

! * 

i 

- .**(?*■  it  It 

i_I  _ 

T n rha s j 

JisWhl 

[ O*og*« 

15 

ght 

9 

0.0i*6 

| 

22 

Rift} 
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